A technique was developed to use multiwavelength aerosol extinction measurements from the Halogen Occultation Experiment (HALOE) to determine the size distribution of stratospheric H20-H2SO4 aerosols. Although the HALOE extinction spectrum alone cannot be used to reliably infer the aerosol size distribution (except when the aerosol population contains particles larger than about 0.5 gm), the inverse problem becomes highly defined when the effective radius is known. Using theoretical relationships derived from in situ aerosol measurements, we found that the effective radius can be determined from the HALOE 2.45 gm extinction with uncertainties of about +15%. Using extinction ratios with the effective radii determined from the HALOE extinctions, we obtained unimodal lognormal size distributions. The HALOE size distributions are generally unbiased with respect to coincident in situ aerosol measurements. Error analysis reveals that uncertainties in the inferred surface areas and volumes are less than 30% and 15%, respectively. Inferring size distributions from the HALOE data set provides global and temporal aerosol information, which can satisfy important needs for investigations of the Earth's radiative and chemical balance.
For the inversions presented below, the extinctions at only three HALOE wavelengths were used (2.45, 3.40, and 5.26 gm). The HALOE aerosol measurements at 3.40 and 3.46 gm are redundant, as only +5% variations in extinction are predicted for a wide range of aerosol sizes and refractive indices. The 2.80 gm aerosol extinction measurements were eliminated on the basis of the large uncertainties, lack of internal consistency, and poor agreement with independent measurements [Hervig et al., 1996] .
Physical and Optical Properties of Stratospheric Sulfate Aerosols

Composition
For temperatures warmer than about 200 K, stratospheric aerosol are a binary mixture of H2SO4 and H20 [Rosen, 1971] . The equilibrium composition of sulfate aerosols (weight percent of H2SO4 in the mixture, Ws) may be determined as a function of temperature and partial pressure of water vapor [Steele and Hamill, 1981] . Steele [ 1994] report a fit to the Steele and Hamill data for Ws in terms of T and Pw, which was used to determine Ws throughout this work.
Size distribution
Understanding of the relationship between aerosol size and concentration has been gained by using a variety of measurement techniques. A large body of aerosol measurements has shown that the size distribution can be adequately described by using a functional form (for example, power law, modified gamma, exponential, lognormal, and zold [e.g., Junge, 1952 
where n(r) is the differential concentration in the radius interval dr, k is the number of modes in the distribution, N• is the number concentration, oi is the distribution width, and ri is the median radius, for each of i modes.
Routine profile measurements of aerosols using OPCs have been conducted over Laramie, Wyoming (41øN) since the early 1970s [e.g., Hofmann and Rosen, 1983] , comprising the most extensive record of in situ size distribution profile measurements available. Since these measurements are described with the use of lognormal size distributions and since there are physical reasons to expect a lognormal form for an aerosol distribution [Granqvist and Buhrman, 1976] , this work will focus on the lognormal form. Although the OPC measurements are usually best described with the use of a bimodal distribution, especially in postvolcanic periods [Deshler et al., 1993 ], a single-mode distribution can be fitted to the data. Lognormal fits that poorly characterized the original OPC measurements were discarded for this work (about 25% of the unimodal fits and 15% of the bimodal fits). Laramie aerosol measurements covering June 1991 to June 1997 at altitudes above the tropopause are used to understand the physical range of sulfate aerosol size distributions during the Pinatubo volcanic cycle.
Figure l a shows the median radii and distribution width for unimodal lognormal fits to the Laramie OPC data, where typical 
Relationships between o and 7 determined by using (2) are shown in 
Scattering and absorption theory
Sulfate aerosols are considered to be spheres, which is a good assumption, and thus the scattering and absorption of radiation by an individual aerosol can be described by using Mie theory. The extinction coefficient, •e, for a population of aerosols is calculated by integrating the extinction efficiency (Qe, defined as optical cross section/geometric cross section) over the size distribution: 
Measurement simulation
Since the number of inferred parameters is limited to the number of measurements, the extinction simulations must be formulated by using no more than three parameters. We have used the unimodal lognormal size distribution (equation (1) Also shown are the differences between median radii for the distributions that reproduced each measurement separately, along with the differences between the target value of R• and the R1 calculated from the distributions that describe R2 (i.e., the accuracies required for the forward and inverse problems, Figure 3b ). If only one size distribution could reproduce the combination of measurements, then this distribution could be considered a unique solution to the inverse problem. For the case shown in Figure 3 , such a solution exists; however, it is very poorly determined because a broad range of distributions can match the simulated combination of measurements for a change in median radius of less than 15% or for a change in one measurement of less than 8%. It would therefore be unrealistic to expect any real measurements to reliably fit a unique distribution within this size regime. For decreasing median radii, solutions to the inverse problem become increasingly ambiguous, since the distributions that will explain each measurement begin to converge.
A major cause of these problems is that a high degree of linear dependence exists among infrared extinctions [e.g., . As a result the extinctions at different wavelengths tend to vary in a systematic fashion for changes in particle size. Although infrared extinctions at several wavelengths are limited by these effects, the size distribution moments exhibit a dependence on aerosol size distinctly different from that of extinction. The effective radius, as a ratio of two moments, offers definite advantages in this respect. Recall that for unimodal distributions Re is dependent only on the distribution shape (o and r, equation (2) longer-wavelength extinctions. While this is a small effect, the retrievals (described below) are very sensitive to the effective radius and we seek the best inputs possible. Accepting the uncertainties in inferring Re, we exploit the advantages of using at least one extinction measurement to determine Re. Combining R1 and R2 with Re results in highly determined solutions over a broad range of particle size regimes. An example is shown in Figure 6 , where R1, R2, and Re were calculated for the size distribution o = 1.8 and r =0.08 [•m, and the curves represent all distributions that reproduced R1, R2, and Re. The benefits of this approach are obvious in comparing results where extinction ratios alone were used (e.g., Figure 3) . Also shown are differences between the median radii for the distributions that reproduced R1 and Re and the differences between the target value of R 1 and the values of R 1 computed from the distributions that describes Re. A unique combination of o and r now explains the simulated set of measurements, and the solution exists in a very sharply defined minimum, in terms of both the forward and inverse problems ( Figure  6b ). This increase in the definition of the minimum is typical for a wide range of size regimes. Although this implies that well-defined solutions can be obtained, the effect of measurement errors cannot be neglected. In reality, a change in one measurement will produce a different, adjacent solution that is equally well defined. These effects are quantitatively assessed below.
Size Distribution Retrieval
The principles described above were used to devise a method for solving the inverse problem of determining size distributions from the HALOE multiwavelength extinction measurements. For this purpose, R/(where i = 1,2,e) was calculated at one composition for a 
Error Analysis
The uncertainties in the retrieved distributions were assessed using two methods. In the first approach the HALOE extinctions were simulated for a 6 year record (1991 to 1997) of size distributions from the Laramie OPC data, and distributions were retrieved from the simulated measurements to determine how well a known solution can be obtained. In the second method the statistical standard deviations in the retrieved distributions were calculated by using a Monte Carlo approach.
Simulated Retrievals
The Laramie OPC data, as profile measurements, are especially applicable to the problem of simulating the HALOE profile measurements. Although the OPC measurements are usually best described by using bimodal distributions, unimodal distributions can be fitted to the data, and it is useful to test the inversion under the conditions for which it was formulated. Extinctions at the HALOE wavelengths were calculated from 63 profiles of unimodal presented above, where the concentration and median radius exhibit E the greatest sensitivity to measurement errors. Uncertainties in the distribution width, surface area, and volume are less than 25% over the profile extent.
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Results Using HALOE Measurements
The explicit inversions described above were applied to the HALOE multiwavelength extinction measurements. The HALOE measurements at 2.45, 3.40, and 5.26 [tm were used to form the extinction ratios, the effective radius was determined from the 2.45
[tm extinctions (equation (4) 
Conclusions
Aerosol extinction at the HALOE wavelengths alone cannot be used to reliably infer the size distribution except within certain particle size regimes. Such solutions place high demands on the measurement accuracies except for aerosol populations containing sizes larger than about 0.5 •tm. The inverse problem becomes highly In situ measurements suggest that aerosol size distributions become increasingly bimodal in the lower stratosphere and during postvolcanic periods. Although real extinction measurements can be explained in terms of a simple unimodal distribution, these solutions are therefore only an approximation. The error analysis and HALOE-OPC comparisons suggest that although the HALOE distributions do not contain significant' biases, the random uncertainties can be large. Using the retrieved unimodal distributions in terms of spatial or temporal averages can reduce the effects of random uncertainties in the results. The size distribution moments appear to be less sensitive to the actual shape of the size distribution.
The inferred surface areas and volumes therefore demonstrate smaller random uncertainties than do the actual distributions.
Although aerosol size distributions can be inferred from the HALOE aerosol measurements, these retrievals were possible only because the aerosol effective radius could be reliably inferred a priori.
Future experiments measuring aerosols would benefit from deliberate selection of measurement wavelengths that maximize the information concerning the size distribution. Specifically, since aerosol extinctions at infrared wavelengths are characterized by a high degree of linear dependence, it would be beneficial to include both visible (or near-infrared) and infrared wavelengths in one experiment. The size distribution retrievals described here were formulated for sulfate aerosols alone. Since the physical properties of polar stratospheric clouds (PSCs) are important for studies of polar chemistry, there would be immediate applications for size distributions retrieved from measurements in PSCs. In principle, it should be possible to reformulate the distribution retrievals described here to consider PSCs. This will be the topic of future investigations.
The method described in this paper was used to retrieve size distribution profiles from the HALOE data set, which covers the period from October 1991 to the present. For these retrievals, measurements consistent with tropospheric clouds or PSCs were excluded. Ice was identified by calculating the equilibrium water vapor pressure over ice using the measured water vapor, pressure and temperature. PSCs were identified simply as all observations below 197 K. These data are available to the public at no cost from the HALOE web site, http://haløedata'larc'nasa'gøv/Haløe/høme'html' under "analyzed aerosol products."
